To study the effect of a single dose of sodium bicarbonate given during neonatal resuscitation at birth on the acid-base status on the first day of life.
INTRODUCTION
Metabolic acidosis can have adverse physiologic effects and increase the risk of death. 1 Treatment for metabolic acidosis includes the use of alkalies such as sodium bicarbonate and tromethamine. Bicarbonate reacts with H þ ions to form H 2 O and CO 2 and thereby buffers the acid. The purported benefits of normalizing the pH include a reduction in pulmonary vascular resistance, an increase in myocardial contractility, improved hemodynamic responses to resuscitation with epinephrine and oxygen and increased survival. [2] [3] [4] [5] Following fetal hypoxaemia, cardiovascular, metabolic and behavioral responses decrease the oxygen demand and redistribute the available oxygen to the brain, heart and adrenals. 6 A shift to anaerobic metabolic pathway occurs leading to an accumulation of lactic acid. Since sodium bicarbonate is effective in buffering the acidosis, it can be used during resuscitation to normalize the blood pH. In animal experiments, infusions of alkali during the period of asphyxia prolonged the time to last gasp, made it easier to resuscitate the animals, and seemed to protect the brain from some of the damage caused by asphyxia. 7 It was also shown that the alkali infusions could slow the rate of decline of blood pressure. These beneficial effects were presumed to be secondary to the normalization of pH. However, bicarbonate functions as a physiologic buffer only in an 'open system' in which CO 2 can be transported to the lungs and exhaled. 8 When ventilation is fixed, infusion of bicarbonate may result in hypercapnea and perpetuate the fall in pH. Corbet et al. 9 found no alteration in the time required for normalization of pH on addition of bicarbonate to the intravenous infusate in acidemic neonates. 9 Resuscitation guidelines for the newborn state that sodium bicarbonate may be used in prolonged arrest, especially with documented metabolic acidosis. 6 However, there are no reported controlled trials that have specifically examined the role of bicarbonate during neonatal resuscitation. In this paper, we report the effects of a single dose of sodium bicarbonate given during neonatal resuscitation to babies receiving prolonged positive pressure ventilation on subsequent acid-base status. The shortterm outcomes of survival and abnormal neurological examination have been reported earlier. 10 
MATERIALS AND METHODS
Consecutively born asphyxiated neonates continuing to receive positive pressure ventilation at 5 minutes of life were randomly assigned by a computer-generated sequence to receive either sodium bicarbonate or 5% dextrose. Babies with major congenital malformations were excluded. The study group was given intravenous sodium bicarbonate solution 4 ml/kg (1.8 meq/kg) over 3 to 5 minutes. This solution was prepared by diluting 7.5% sodium bicarbonate (0.9 meq/ml) with distilled waster in a 1:1 ratio. The Control group received 4 ml/kg of undiluted 5% dextrose intravenous at a similar rate. The remainder of the resuscitation process was conducted as per standard resuscitation guidelines. 6 
Outcome Variables
The outcome variables included the acid-base status at 1, 6, 12 and 24 hours of life. Metabolic acidosis was defined, as pH less than 7.35 and base deficit exceeding 5 meq/l. The other outcomes studied were need for ventilation, duration of respiratory distress, need for inotropes, duration of inotropes, seizures, cerebral edema and encephalopathy. The physicians managing the baby in the NICU, technicians doing the blood gases and the radiologist doing cranial ultrasound examination were blinded to the drug allocation in the delivery room.
The baseline information about maternal history, mode of delivery, anesthesia during labor, fetal heart rate abnormalities, duration of labor and resuscitation details were recorded.
Sample Size
A sample size of 30 babies per group had been calculated primarily for detecting a 50% difference in abnormal outcome (death or neurologically abnormal at discharge). This sample would be sufficient to detect a 40% reduction in the incidence of metabolic acidosis at 6 hours, with a power of 90% and an alpha error of 5%, if 50% of asphyxiated babies not given bicarbonate had acidosis at that age.
Monitoring
An umbilical arterial blood sample for pH was obtained soon after birth from a double clamped segment of the cord in all babies; the results were however available after 10 minutes. The babies were transferred to the intensive care unit following the resuscitation and managed as per standard protocols. Acid-base status was reassessed at 1, 6, 12 and 24 hours in all surviving babies. Blood gas samples were drawn from indwelling umbilical arterial or radial artery catheters. All the babies were prospectively monitored for postasphyxial injury including encephalopathy, seizures, respiratory distress, cardiovascular status, gastrointestinal problems, and urine output. Serum sodium, potassium and renal functions were estimated at 6 and 24 hours. Cranial ultrasounds were performed between 12 and 24 hours and between 60 and 72 hours of life using a 7.0 MHz probe.
Statistical Analysis
Categorical variables were compared using w 2 with Yates correction (as required) while continuous variables were analyzed using Student's 't'-test or Mann-Whitney U test as appropriate. ANOVA was used to test the changes in the acid-base status over time between the two groups.
Ethical Considerations Blood gas facilities are usually not available in the delivery room and sodium bicarbonate is commonly used empirically in neonatal resuscitation in many parts of the world. 11 There is still no firm evidence in favor of or against sodium bicarbonate in neonatal resuscitation. The enrolled babies were managed as per standard protocols. The institutional ethics committee approved the study.
RESULTS
Out of the 60 babies enrolled, five were excluded because of major congenital malformations. Of the remaining 55, 27 were randomized to receive sodium bicarbonate (Base group) and 28 to receive 5% dextrose (Control group).
The mean gestation, birth weight, proportion of premature babies, mode of delivery, duration of labor, pregnancy-induced hypertension (PIH)/eclampsia, incidences of meconium-stained liquor, fetal bradycardia, septicemia and PIH were similar in the two groups (Table 1) . Median Apgars at 1 minute, cord pH, duration of positive pressure ventilation, need for chest compression, adrenaline and use of volume expander were similar for the two groups. Five minutes Apgar scores were lower in the Base group (Table 2) .
Two babies in Base group and three in the Control group died before 24 hours of age. The mean cord pH was 7.01±0.16 in Base group and 7.05±0.14 in the Control group (p ¼ 0.31). There were 12 babies in the Base group and 10 babies in the Control group The number of babies mechanically ventilated, the duration of respiratory distress, the occurrence of hypotension and the inotropic support, incidence of seizures and encephalopathy, and other secondary outcomes were similar in the two groups (Table 4) . There was a trend towards persistence of acidosis for longer time in the babies who were neurologically abnormal at discharge (11.4±6.5 hours) compared with those babies who were normal at discharge (7.04±5.2, p ¼ 0.08).
The mean serum sodium and potassium at 6-hours and at 24 hours were comparable in both the groups. Serum sodium more than 145 meq/l occurred in 3(11%) babies in the Base group and in 6(22%) babies among controls (p ¼ 0.47). One baby in the Base group had serum sodium >150 meq/l but was asymptomatic and recovered to normal in 6 hours. Three of the 27 babies (11%) in the Base group and three of the 28 babies (10.7%) in the Control group had intraventricular hemorrhage (IVH). Two babies in each group had grade 3 IVH. All the intraventricular bleeds were seen in the preterm neonates.
On subgroup analysis of term and preterm babies separately, there were no differences between the Base and Control groups for their acid-base status in the first 24 hours of life. The acid-base status of babies ventilated and those not ventilated was also analyzed separately. The mean cord pH of babies mechanically ventilated was lower than those not ventilated. The acid-base status for the first 24 hours, however, remained similar between the Base and Control groups whether the babies were ventilated or not ventilated. 
SIGNIFICANCE
The results of our study indicate that sodium bicarbonate given during neonatal resuscitation does not have any beneficial effect on arterial acid-base status in first 24 hours of life. The mean pH and base deficits of babies who had received sodium bicarbonate and those who had not, were similar at 1, 6, 12 and 24 hours of life. Reduced oxygen availability leads to acidosis in all body compartments, although the time to equilibrium differs among the compartments. Often the oxygen-deprived cells convert to anaerobic metabolism, liberate lactic acid, which in turn, consumes blood buffer bases, most notably HCO 3 À in the extracellular fluid (ECF) compartment. Evidence, however, suggests that lactic acid is not the major source of H þ ; most of the metabolic H þ load derives from the H þ ion liberated in the hydrolysis of ATP to ADP and inorganic phosphate (Pi). Thus, the metabolic acidosis associated with tissue hypoxia parallels the reduction in the energy stores, that is, the ATP/(ADP þ Pi) ratio of the cell. 12 When energy stores of the cells are reduced, it can be assumed that compensatory mechanisms are exhausted and the cells are in a seriously compromised state. The presence of metabolic acidosis as estimated by reduced blood buffer base or pH does not correlate well with measured levels of lactate. The cellular response to oxygen deprivation is to activate negative feedback controllers of ATP hydrolysis that interact with the calcium ion, and slow the metabolic engine. Another adaptive response is the activation of the Na þ /H þ pump resulting in the extrusion of H þ into the ECF where it is buffered. Finally, H þ is buffered by intracellular buffers, which consist mostly of proteins. When the acid load overwhelms these adjustments, intracellular pH falls progressively. 12 Since hypoxic/lactic acidosis is much more common in adults than in children most of the systematic experience with HCO 3 À therapy for this condition is from adults. There is agreement that successful treatment of whatever process underlies the excess intracellular production of H þ will lead to resolution of the acidosis in adult patients. Buffering the blood/ECF/intracellular will neither slow the production of metabolic acid nor facilitate its removal. Hence, supportive care such as oxygenation, ventilation, improving cardiac contractility, correcting anemia, and maintaining the hemodynamic stability would be of paramount importance than administration of sodium bicarbonate in correcting acidosis due to hypoxemia and that due to asphyxia. 12 In our study, although sodium bicarbonate did not have any beneficial effects, it did not cause any increase in PaCO 2 levels (Table 3) ; probably because effective ventilation was ensured in all babies. Although it has been shown that acid-base status of arterial blood is relatively stable during the first 10 minutes of cardiopulmonary resuscitation, marked venous hypercapnea and acidosis develop rapidly in both animals and human patients. Although arterial blood gases have been extensively studied during resuscitation, this measurement may not accurately reflect what is happening at the tissue level. In addition, worsening of mixed venous acidosis has been shown to result when bicarbonate is given. The tissue and venous side of circulation is probably acting as closed system, in that CO 2 cannot be appropriately eliminated due to poor tissue perfusion. Since CO 2 diffuses freely through cell membranes and bicarbonate molecule does not, administration of this base may be counterproductive adding to rather than combating intracellular acidosis. 13 Some questions, which cannot be answered from our trial are: whether bicarbonate usage in larger doses or in multiple doses be of benefit? Will bicarbonate be of any use for documented metabolic acidosis during neonatal resuscitation? And would term asphyxiated infants respond better than preterm?
In conclusion, administration of a single dose of sodium bicarbonate given during neonatal resuscitation at birth does not change the acid-base status on the first day of life in babies receiving prolonged positive pressure ventilation. Good inotropic, circulatory and respiratory support may be more important in normalizing the acid-base status.
